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Section 1

introduction and Background

The purpose of this document ig to provide scientific and technical support for an endangerment analysis
regarding greenhouse gas (GHG) etnissions ynder the Clean Alr Act. This is & final internal EPA drafi
which has undergone initial EPA review as well as federal expert review (authors and reviewers
are lsted under Acknowledgments).

{a) Scope and Approsch of this Document

The primary GHGs of coneern that are direstly emitted by human activities in peneru) are those reported
in EPA’s anmual Mnventory of US. Greenhouse Gas Emissions and Sinks and include carbon dioxide
{COy), methane (CHL), nitrous oxide (N;0), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and
sulfar hexafluoride {$Fs). The primary effect of these gases is their influence on the climate system by
trapping heat in the atmosphere that would otherwise sscape t space. Thiz heating offect (referred to as
radiative forcing) s very likely to be the cause of most of the ohserved global warming over the last 50
years, Global warming and climate change, in turn, can affect health, society and the environment, There
also are some cascs where these gasos have other por-climate effects, some of which are direct while
others are indirect. For example, clevated concentrations of CQ» can increase ocean acidification and
stimulate rerrestrinl plant growth, and CH, emissions can sontribute to background levels of tropospheric
ozone, a criteria poliutant. These effects may in turn be influenced by climatc change in ceriain cases,
Carbon dioxide and other GHGS can also have direct health effects but at concentrations far in excess of
current or projected future ambient concentrations,

This document reviews a wide range of specific and quantifiable vulnerabilities, risks and impacts due to
both effects induced by climate change and effects caused directly by the GHGs, Any known or expected
benefits of elevated stmospheric concentrations of GHGs or of climate change are documented as well
(i.c., impacts can mean either positive or negative consequences). The extent to which observed climate
change can be atributed to anthropogenic GHO smissions s asscssed. The term “climate change" in this
document generally refurs to climate change induced by human sctivities, including activities that emit
GHGs. Future projections of elimate change, based primarily on future scenarios of anthropogenic GHG
cmissions, are shown for the global and nationa! seale.

The focus of the vulnerability, risk and impuct assessment is primarily within the U8, However, given
the global natore of climate change, there is a brief review of potential intemational impagts. Greenhouse
gases, once emitied, become well mixed in the stmosphere, meaning U.S. emissions can affect not only
the U.8. population and enviroament but other regions of the world as well; Bkewise, emissions in other
countries can affect the U.S, Furthermore, impacts in other regions of the world may have consequences
that franseend national boundaries that raise concemns for the U5, :

The timeframe over which vulncrabilities, risks and impacts are considered is consistent with the
timeframe over which GHGs, once amitted, have an effect on climate, which s decades to centuries for
the primary GHGs of concern. Thetefore, in addition to reviewing recent observations, this document
generally considers the next several decades, the time period out to around 2100, and for certain impacts
the time period peyond 2100,
Adaptation to climate change is a key focus arca of the climate change research community, This
document, however, dogs not focus on adaptation because adaptation is cssentially a response to any
known and/or perceived risks duc to climate change Likewise, mitigation measures to reduce GHGs,
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the U.S., high temperatures and ozone exposure, however, kan significantly limit the dircet stimulatory
CO; respousd (sg¢ also Section 8 an Air Quality and Section 3 on Fuod Production and Agriculture).
Elevated CO; has raised an issuc abowt forage quality for livestock. Elevated CO; can increase the carbon
10 pitrogen ratic in forages and thus retfuce the nutritional value of those grasses and thes affect animal
weight and performance, The decling under elevated CO; of C4 grasses, however, which are less
nuritious than C3 grasses, may compensate for the reduced protein. Yot the opposite is expected under
associated termperature {ncreases,

At much higher ambient CQy concentrations, such those areas expased to natural CO; autgassing duc to
volcanic setivity, the main characteristic of long-termy elevated O zones at the surface is the jack of
vegetation (TPCC, 2005), New CO; releases into vegetated areas cause noticeable die-off. In those areas
where significant impacts fo vegetation have ocourred, CO; makes up about 20-95% of the soil gas,
whereas normal soill gas usually containg about 0.2-4% CO;. Carbon dioxide conceatrations sbove 5%
may be dangerous for vegetation and as concentration approach 20%, COs becomes phytotoxic. Carbon
dioxide can cause death of plants through ‘root anoxia’, together with low oxygen concentration (IPCC,
2005}

Regarding oceanic ecosystems, according to IPCC (Fischlin ot al, 2007), ocean acidification dug to the
direct effects of elevated CO, concentrations will impair 8 wide range of planktonic and other marine
organisms that use aragonite to make their shells or skeletons. These impacts could result in potentialty
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severe ecological changes to tropical and coldwster marine ecosystemns where carbonate-based '

phytoplankion and corals are the foundation for the trophic gystemn (Schneider ot al,, 2007), These CO;
effects will also interset with the effects of temperature change (see Section 14 on Ecosystems and
Wildlife).

3b)  Methans (CHy)

Methane is flammable or explosive at concentrations of 5% to 15% by volume (50,000 to 150,000 ppm)
of gir (NIOSH, 1994; NRC, 2000). At high enough concentrations, CH, is &lso a simple asphyxiant,
capable of displacing enough oxygen to cause desth by suffocation. Threshold [imit values are not
specified hocause the limiting factor is the available oxygen (NRC, 2000). Atmospheres with oxygen
concentrations helow 19.5 percent can have adverse physiological offects, and atmospheres with less than
16 percent oxygen can become life threatening (MSHA, 2007). Mesthene displaces oxygen to 18% in air
when present at 14% (140,000 ppm).

When oxygen is readily available, CHy has little toxic effect (NRC, 2000). Tn assessing emergency
exposure limits for CH,, the NRC (2000) determined thet an exposure Hmit that presents an explosion
hazard cannot be recommended, even if it is well below a concentration that would produce toxicity. As
guch, it recommended an cxposure limit of 5000 ppm for methane (NRC, 2000). The Nationa! Institute
for Occupational Health Safety (NIOSH, 1994) cstablished s threshold Jimit value {TLV) for methane at
1,000 ppm,

The current atmospheric sontentration of Ci, is 1.77 ppm. The projected CH, concenmation in 2100
ranges from 1.46 ppm 0 3.35 ppm by 2100, well below any recommended exposure limits (Meehl et al.,
2007).

3(c)  Nitrous Oxids (N0}

Nitrous oxide iz an asphyxiant at high concentrations. At lower concentrations, exposure causes central
nervous sysiem, cardiovascular, hepatic (pertaining to the liver), hematopoietic (pertaining to the
formation of blood or blood cells), and reproductive effects in humans (Hathaway et al., 1991). At a
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{versus decades to centuries for the well-mixed GHGs), Tropospheric ozone is also a criteria air pollwtant
under the U.S. Clean Air Act.

Anthropogenic emissions of acrosels contribute to both positive and negative radiative forcing. Aerosols
are non-gasecus substances thar are suspended in the atmosphere, and are gither solid particles or liguid
droplets, Most acrospls, such s sulfates (which are maindy the result of 80, emissions), exert a negative
forcing or cooling offect, ag they reflect and soatter incoming solar radiation. Some zersols, such as
black carbon, cause a positive forcing by absorbing incoming solar radiation. IPCC (2007d) estimated
that the net effect of sl aerosols (primarily suifate, organic carbon, black carbon, nitrate and dust)
produce 8 cooling effect, with & total direct radiative forcing of ~0.5 (0.9 to ~0.1) W/m® and an
additional indirect cloud albedo (i.e., enhanced roflectivity)' forcing of 0.7 (-1.8 to —0.3) W/m®. Thesc
forcings are now better undersiood than at the time of the IPCC Third Assessment Report (3001), but
nevertheless remain the dominant uncertainty in radiative forcing (IPCC, 2007d). Black carbon gerosols
cause yet another forcing effect by decrsasing the sirface albedo of snow and jce (+0.1 (0.0 to +0.2)
Wim™).

The radiative forcing from increases in stratospheric water vapor due to oxidation of CH, is estimated to
be +0.07 # 0.05 W/m® (Solomon et al., 2007), The level of scientific understanding is fow because the
contribution of CH, to the corresponding vertical structure of the water vapor change noar the tropopausc
is uncertain,

Chanzgcs in surface albedo due to human-induced Jand cover chanpes exert a forcing of 0.2 (0.4 1 0.0)
W/m®™, Changes in soler irradiance since 1750 are estimated to cause a radiptive forcing of +0.12 (+0.06
to +0.30) Wim’,

Although watér vapor is the most abundant naturally occurring greenhouse gas, direct emissions of water
vapor dus to human activities make a negligible contribution to radiative foreing (hence its sbsence in
Figure 3.1). However, as temperatures increase, tropaspheric water vapor concentrations increasc
representing & key feedback but not a forcing of climate change (Solomon et al., 2007). Feedbacis are
defincd as processes in the climate system (such a5 a change in water vapor concentrations) that can either
amplify or dampen the system’s initial response to mdiative foroing changes (NRC, 2003),

4(»)| - Glohal Changés in Temperaturd

.................................................................................

Multipk lines of evidence lead to the robust conclusion that the climate system is warming. The IPCC
(2007d) stated in its Fourth Asscssment Report:

“Warming of the climate system is unequivocal, as is now evident from observations of increases in
global a;tcrage air and ocean temperatures, widespread melting of snow and ice, and rising global averags
s level.”

Air temperamre {58 3 main property of climate and the most easily measured, directly observable, and
geographically consistent indicstor of climate change. The oxtent to which observed changes in global

" In addition to directly reflecting solar radiation, scrosols cause sn additional, indircct negative forcing effect by
enhancing cloud albedo (a measure of reficotivity or brightness). This occurs becauss acrpsols act as particles
around which cloud droplets can form; an inoroase in the number of aerosol particles lesds to a greater nomber of
senalier ¢houd droplets, which leads to enhanced cloud ebedo. Aerosols also influence cloud lifetime and
precipitstion but no central ostimates of these indirect forcing cffects are estimated by TPCC.

a1
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»  Very lintle confidence can be assigned to statements conceming the hemispheric mean or global mean
surface temperanure prior to sbout AD. 900 because of sparse data coveragc and because the
umcertainties associated with proxy dats and the methods used to analyze and combine them are larger
than during mors regent time periods.

Considering this study and additional research, the IPCC (2007d) concluded: “Palcoclimatic information
supperts the interpretation that the warmth of the last half century is unusual in at least the provious 1300
years.”

4{e) U8, changes in temperatures

Like global mean temperanures, U.S. temperstures also warmed during the 20% and i??m the 217 century.

According to the Nationa! Oceanic and Afmospheric Administration (NOAA, 20078

+ 1.5 temperaturcs arc now approximately 1.0°F warmer ihanm the start of the 20th century, with an
increased rate of warming over the past 30 years, ’

s ‘The 2006 average annual termperature for the contiguous U.S, was the 2nd warmest on record and
within 0.1°F of the record set in 1998,

| = The past nine years have all been among the 25 wanmnest years on record for the contiguous US, .

s The last eight S-year periods (2002-2006, 2061-2005, 2000-2004, 1999-2003, 1998-2002, 1997-2001,
1996-2000, 1995-1999), were the warmest S-year periods (ie. pentads) in the last 112 years of
national records, illustrating the anomalous warmth of the last decade,

7 .$, wmperatore data analyzed by National Aeranautics and Space Administration (NASA) show similar trends
aver the past 100 years although, due (o differences in datasets, processing and annlfysis, it finds 1934 was the
wiarmest on record for the contiguous U5, followed by 1998 and 1921, 2006 was the fourth wanmest yesr on

record in its anglysis. For more information on NASA's tomperature data, see; hittp.//data.giss nasa govigistemp/
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biological systems and species (e.g., geographic shift of species) which are shown to change as a rosuit of
recent warming.

[This seotion inchydes the observed changes in physica! and biological systems in North Attierica and. in
other partsfthe World]

The IPCC (2007b) concluded that, “Observational evidence from all continents and most oceans shows
that many natural systems are being affécted by regional climate changes, particulaly temperature
increases.” Furthermore, the IPCC states that, “A global asscssivent of data since 1970 has shown it is
likely that anthropogenic warming Ras had a discomible influence on many physical and biological
systerns.” Ag detailed sbove In Section 5(a), recent warming of the last 50 years 15 very likely the result
of the accumulation of anthropogenic GHGs in the amosphere.

Climate variability and non-climate drivers (e.z., landeusc change, habitat fragmentation) need o be
considered in order to make robust conclusions ahout the role of anthropogenic climate change in
affecting biological and physical systems. IPCC (Rosenzweig ct al, 2007) reviewed a number of joint
attribution studies that linked responses in some physical and biological gystems directly to anthropogenic
climate change using climate, process, and statistical models. The conclusion of these studies is that “the
consistency of obiserved significant changes in physical and biological systems and observed significant
warming across the globe likcly cannot be explained entirely duc to natural variability or other
confounding non-climate factors (Rosenzweig et al. 2007),"

The physical systems undergoing significant change inclode the cryosphere {show and ice systems),
-hydrological systems, water resources, coastal zones and the oceans, These effeots (reported with high
confidence by IPCC (Rosenzweig et al. 2007)) include ground instability in mountain and permafrost
regions, shorter travel season for vehicles over frozen roads in the Arctic, enlargement and increase of
glaciai lakes in mountain regions and destebilization of moraines damming these lakes, changes in Arctic
flora and fauns including the sea-ice biomes and predators higher in the food chain, lmitations on
mountain sports in lower-clevation slpine aress, and changes in indigenous livelihoods in the Arctic,

Regarding biological systems, the IPCC (Rosenzweig et al. 2007) reports with very high confidence thet
the overwhelming majority of studics of regional climate effects on terrestrial species reveal trends
consistent with warming, including poleward and elevational range shifts of flora and fauna, the earlicr
onsel of spring events, migration, and lengthening of the growing season, changes in sbundance of certain
species, including limited evidence of a few local dissppearances, and changes in community
composition.

‘Human Systent responses to climate change are more difficult to identify and isolate due to the farger role

that non-climate factors play (e.g,, mansgement practices in agriculture and forestry, and adaptation
respanses to protect human health against adverse climatic conditions).

41
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According to the PCC, all of North America is very likely to warm during this century as shown in
Figures in 6.9 and 6.10, and warm more than the global meen warming in most areas (Christensen et al,,
007, For scenarfo AV (moderate cmissions growth), the largest warming Is projected to occur in
wintter over northern parts of Alaska, reaching 10°C (18°F) in the northernmost parts as shown in Figure
5.12, due 1o the positive feedback from a shorter season of snow cover. In western, central and castern
regions of North Americs, the projected warming has less seasonal variation and is not as large, especially
near the coust, consistent with less warming over the oceans. [The ‘avorage warming in the U.S. is
projected by nearly alf the models ysed in the IPCC sssessment to exeeéd 2°C.(3.6°F), with S.out of 21
miodels projecting average warming in excessof °C(T2°R).| "

Figure 6.9: Tomperature anomalias with respect 10 1801 to 1950 for four North American
land regions

Western North America

1800 1980 2000 2060 2100 1800 1880 2ooe 2050 2100

Cantral North America Eastern Norih America

»

0 o

1800 1980 2000 2050 2100 1900 1950 2@60 2060 2100

Source: Christensen et al. (2007). Temperature anomalles with respact to 1801 to 1950 for
four Narth American land regions for 1908 to 2005 (black ling) and as simulsted (red envelope)
by multi-model dataset (MMD) medels incorparating known forcings; and as projected for 2001
to 2100 by MMD models for the A18 scenario (orange envelope). The bars at the end of the
arange envelope rapresent the rangs of projected changes for 2091 o 2100 for the B1
scenario (blue), the ATB scenario (orange) and thie AZ soananio (red). The black Hne is dashed
where observations are present for less than 50% of the area in the decads concamad,
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tropics, with 2 tendency towards more extreme wind events and higher ocean waves in several regions
associated with these despened eyciones (Meaeh! at af, 2007).

Possiblc implications of extreme precipitation events in the U.S. for health are described in Chapter 7, ff:xr
food production and agriculture in Section 9, for water resources in Scotion 11, for coastsl aress in
Section 12, and for ceosystems and wildlife in Section 14,

6(f)  Abrapt Climate Change
Abrupt climate change refers to sudden (on the order of decades), large changes in some major

component of the climate system, with rapid, widesproad effects. Abrupt climate changes are an
important consideration because, if triggered, they could pccur so quickly and unexpectediy that human or

nattral systems would have difficulty sdapting to them (NRC, 2002). Potential abrupt elimate change
implications in the U.S. are not discussed in the sections 7 through 14 (the U.5. sectoral impasts) bacause
they cannot be predicted with confidence, partioularly for specific regions,  This section therefore
focuses on the general risks of abrupt climate change globally, with some discussion of potential regional
implications where information is availsblc,

Acgording to the National Research Council (2002): “Technically, an shrupt climate change occurs when
the climate system is forced to cross some threghald, friggering 8 frangition to a new stals 4t a rate
determincd by the climate system itself and faster than the cause” Crossing systemic thresholds may foad
to large and widespread consequences (Schneider et &l., 2007”"). The triggers for abrupt climate changs
can be forces that are external and/or internal to the climate system including (NRC, 2002

changes in the Farth's orbit™

a brightening or dimming of the sun

melting or surging ice theets

sirengthening or weakening of ocean currants

emissions of climate-altering gases and particles into the atmosphers

- 5 % & 8

More than one of these triggers can operate simultaneously, since all components of the climate system
are linked,

Scientific data show that abrupt changes in the climate at the regional scale have ocourred throughout
history and are characteristic of the Earth’s climate system (NRC, 2002), During the last glacial period,
abrupt regional warmings {likely up ta 16°C within decades over Greenland) and coolings occurred
repeatedly over the North Atlantic region (Jansen et al, 2007"%), These warmings likely had some large-
scale effects such a5 major shifts in tropical minfall patterns and redistribution of heat within the climate
systern but it is unlikely that they were associated with targs changes in global mean surface temporature,

The National Research Council concluded that anthropogenic forcing fngyincrease the risk of abrupt

¢limate change (NRC, 2002):

¥ Sehncider ¢t al,, 2007 citation refers to Chapier 19, “Assessing key vulnerabilitios apd the risk from
climet change™ in IPCC™s 2007 Fourth Assessment Roport, Warking Group I1.
¥ Acording to the Mational Ressarch Councif (2002), changes in the Earth’s orbit occut too slowly to be prime
movers of abrupt change but might determine the timing of events. Abrupt climate changee of the past were
expecially prominent when orbital processes were forcing the climate to change during the cooling into and warming
out of [ee ages (NRC, 2002),
; Jenscn et al., 2007 refers o Chapter 6, “Palacockimate”™ in IPCC"s 2007 Fourth Assessmant Report, Woﬂg{(x_‘sg

roup [ . )
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Section 7

Human Health

w_the U.S. " ' any of heaith ee semmd i: ate ch Q. [t is ve

likel heat-relate idi o will in ar the
decades however net changes in monali difficult to becapse in much
depends on complexitiss in the relationship between mortali loba e High

temperatures tend to gxacerbate chronic health conditions, Studies in lemperate arcas (which would _
include large portions of the U.8.) have shown that climate change is projecied to bring some benefits,
such as fewer deaths from cold exposure. The balance of positive end negative health impacts will vary

from one focation to anather, and will alter over time as temperntures continue to rise,]

In its Third Assessment Report, the IPCC produced a number of key findings summarizing the Iake!y ;

climate changc health effeots in North America (which apply to the U.8.). These effects, which were 3

reaflirmed in the IPCC Fourth Assessment Repont, include (Field of al, 2007

e Increased desths, injuries, infectious discascs, and stress-related disorders and other adverse cffeces
associated with social disruption and migration from more frequent extreme weather,

= [mcreased frequericy and severity of heatwaves leading to more iliness snd death, particularly among
the young, elderly and feail |

¢  Expanded ranges of vector-bome and tick-bomne diseases in North America but with modulatmn by
public heaith measures and other factors. -

This section describes the literature an the impacts of climate change on human health in four areas: |

direct temperature offects, extreme cvents, climate sensitive diseases, and asro-allergens,  Non-health
related impacte of these areas are discussed in other sections of this document. The health impacts
resulting from climate change effiects on air quality are discussed in Section 8.

There are few stdies which address the interaction effects of multi-sector climate impacts (they may be
nonlinear) or of interactions between climate change health 1mpacts and other kinds of local, regional, and
global changes (Field et al., 2007), For example, alimate change impacts on human heatth in urban aress

| mey_be compounded by aging infrastructyre,  maladapted urban form and building stck, urban heat
islands, air poliution, popularion growth and an aging population.

Ha) Temperature Effecis
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According 1o [PCC (20074d), it is very likely* that there were warmer and x:gw:r cold days and nights and
warmer and more frequent hot days over most land aregs during the late 20% contury (see section 4(b)). It

is virally certain that these trends will continue during the 21* century (see Section 6())] et changes
in mortalipy gre- difficalt o estinipte because in-piin, miich depenids on Compledties in the telationship

L morti Eli]ﬁm

...................................................................................

As 4 result of the projected warming, the IPCC projects increases in heat-related mortality and morbidity
globally (including in the 11.8.) (IPCC, 2007b). The projected warming is expected to resolt in fower
deaths dug ta reduced exposure fo the cald,

Increased heat exposure

Heatwaves are associated with marked shott-torm increases in mortalityl (Confalonieri et al, 2007). Hot
temperatures have also been associated with increased morbidity. Incressed hospital agmissions for
cardiovascular disease and emergency room visits have been documented in parts of North America
during heat events (Schwartz ot al., 2004 in Field et al., 2007).  The populations most vulnerable to hot
temperatures are older adults, the chronically sick, the very young and the socially isolated (IPCC,
2007h). '

Heatrlated morbidity and monality arc projected to increase globally {imcluding in the U8.)
(Confalonieri 1 al, 2007). Heat exposurcs vary widely, and current stdies do not quantify the years of
iife lost due to high temperatures, Bstimares of heat-related mortality attributable to climate change are
reduced but not eliminated when assumptions sbout acclimatization and adaptation are Included in
models. There is some indication that populations in the U.§. became less sensitive to high temperatures
over the period 1964 to 1988, in part, due to these factors (Davis et al,, 2002; Davis et al., 2003; Davis ct
at, 2004 in Confalonicri et al, 2007). On the other hand, growing numbers of older adults will increase
the size of the population at risk because of a decreased ability to thermo-regulate is a normal part of the
aging process (Confalonieri et al, 2007). In addition, almost eff the growth in population in the next 50
years is expocted (o ocour in citles (Cohen, 2003 in Confalonieri et al, 2007) where temperatures tend 1o
be higher duc to the urban heat isfand™ effect Increasing the total sumber of people at risk of adverse
heslth outcomes from heat | X is not clear whet or increaeed mortality from'hest will bo pre ‘ 48

)

Bl A IS

Across North America, the population over the ege of 65 — the segment of the population most at-risk of
dying from heat waves — will increase stowly to 2010, and then gow dramatically as the Baby Boomars
age (Field ct al, 2007). Scvere heat waves arc projested to intensify in magnitude and durstion aver the
portions of the U8, where these cvents already ocour (high confidence). The IPCC documents the
following U.8. regional projections of increases in heat snd/or heaterelsted cffeqts (Confalonieri o al,
2007; Ficld et al., 2007):; )

* By the 2080s, in Los Angeles, number of hoat wave days (at or above 32°C or 9PF) increases 4-fold
under the Bl emissions scenario (low growth) and 6-8-fold under AIFI emissions scenaria {high
growth) (THayhos, 2004). Annual number of heat-related deaths in Los Angeles increases from about
165 in the 1990s to 319 to 1,182 for a range of emissions seenarios.

¢ Chicago is projected to expericnce 25% more frequent heat waves annually by the period spanning
2080-2099 for a business-as-usual (A1B) emissions scenario (Moeehi and Tebaldi, 2004).

* According w IPCC torminology, “very fikely™ conveys a 90 to 99% probability of ocomrrence. See Box 1.3 on
page 4 for a Rull description of IPCC's uncertainty terms,

* A heat island refers to wrhan air and surfaco temperaturcs that are highor than nesrby nual arces. Many 1.5, citics
and suburis have air termperatures up to §0°F (5.6°C) warmer than the surrounding notural lind cover.
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Reduced vold exposure

Cold waves continue to be a problem in northem latitudes in temperature regions whert very low
temperatures can be reached in a few hours and extend over long periods (Confalonieri et al, 20077,
Accidental cold exposure oceurs mainly outdoors, among sovially deprived people (aicoholics, the
homeless), workers, and the eidetly in temperate and cold climates (Rankoff, 2000 in Confalonier ot al,
2007} but cold waves also affect health in warmer elimates {EM-DAT, 2006 in Confalonicri et al, 2007),
Living in cold eovironments in polar regions Is associated with & range of chronde conditions in the non-
indigenous population (Sorogin, 1993 in Confalonieri et al, 2007) with acute risk from frostbite and
hypothermia {Hassi t al,, 2005 in Confalonieri et al, 2007). In countries with populations well-adapted
to cold conditions, cold waves can still cause subsiantial increases in maortality if eleetrivity or heating
system; fail (Confalonier! et al, 2007) .

The IPCC projects reduced human mortality from cold exposure through 2100 (Confalonier et al, 2007).
It is not clear whether reduced montality from cold will be greater or less than increased heat-related
mortality in the U.S. due 1o climate change. Projections of cold-related deaths, and the potential for
decroasing their numbers due to warmer wintsrs, can be overestimated unless they take into apcount the
wffects of season as well as influenza, which is not strongly associated with monthly winter temperature
(Armstrong et al., 2004 in Confalonieri ¢t 81, 2007; McMichae! et al, 2001,

TPCC’s AR4 does not ¢ite any studies sinee the TAR which project changas in hoth heat- and cold-related
mortality in the U.S. for different climate scenarios®, In the TAR, the IPCC cited several studies thar
indicate decreases in winter mortality may be greater than increases in summer mortality in some
lemperate countries under climate change (McMichas! et al, 2001). However, it cites one U.S, study
(Kalkstein and Greene, 1997) that estimates increases in heat-related deaths will be three times gronter
than decreases in cold-related deaths. Given the pmucity of recent litermture oo the subject and the
challenges in estimating and projecting weather-related mortality, IPCC's AR4 conchudes additiona)
resenrch.is needad to understand how the balance of heat-and cold-related deaths might change globally
wnder diffeccnt climate scemarios (Confalonierietal, 2007 U U

(b} Extreme Events

In addition to the direet effects of temperature on heat and cold-ralated monality, projected wends in
climate change-related cxposures of impartance to human health will increase the number of people
(globaily, including in the U.8) suffering from disease and injury due to floods, storms, droughts and
fires (high confidemes) {Confalonieri of al, 2007). Vulnerability 1o weather disasters depends on the
attributes of the people at sk {including where they live, age, income, education, and disability) and on
broader social and environmental factors {level of disaster preparcdness, health sector responses, and
environmental degradation).

* Confalonieri et al, 2007 itation rofers 1o Chapter 8, “Human Health™ in IPCC’s 2007 Fousth Assessment Report,
Working Group {1,

2 Some have raised the fssue of the observed trend in migration within the U.S, 1o the “Sunbelr” {particutarly among
older adults - for purposes including comfort, Tecreation and leisure as well as health) and what this implics shout
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Floads and storms

The IPCC projects a very likely increase in heavy precipitation event frequency Over most sreas ds
described in Scctions 6(b and ¢}, Increases it the frequency of heavy precipitation events are associated
with increased risk of deaths and injuries asx well as infectious, respiratory and skin diseases (IPCC,
2007b).  Floods are low-probability, high-impact events that can overwhelm physical infrastructure,
human resilience, and social organization (Confalonieri ct al, 2007). Flood health impacts include deaths,
injuries, infectious diseases, intoxications and mental health problems (Greenough of al, 2001; Ahern ot

al., 2005 in Confalomieri et al, 2007). Flooding may alse lead o kontaminstion of waters ith dengerous .-

chemicals, heavy metals, o other hazardous substances, from Storage of from chemsicals already in the
environment (Confalonicri et al, 2007,

The IPCC (2007d) also projeots likely increases in intensc tropical cyclone activity ae described in
Scction 6(b). Increascs in fropical cyclond intensity are linked to increases in the risk of deaths, injuries,
water and foodbome discases as well as post-traumatic stress disorders (IPCC, 2007h). Drowning by
storm surge, heightened by rising scd levels and more intense storms (as projected by IPCC), is the major
killer in coastal storms where there are large numbers of deaths {Confalonieri at al, 2007). High-density
pepulations in low-lying coastal regions such as the U.S. Gulf of Mexico experience 4 high health burden
from weather disasters, particularly among lower income groups. In 2005, Hurricane Katrina claimed
over 1800 lives in the vicinity of the low-lying U.S. Gu!f Cosst and lower income groups were most
affected (Graumann et al., 2005 in Nicholls et 8. Guidry and

2007, Whi ing was a Caterory 3 hury it

ary Thiture of 1 {118 ilustrates thar i 5 i
adaptation measures me fally avert adverse e og, Additional information about
U.8. vulnerability to the potential for more intense tropical gyclones can be found in Section 12(b).

Droughts

Areas affected by droughts are likely to increase accarding to IPCC (2007d) ag noted in Section &(e), The
health impacts associated with drought tend to most affect semi-arid and arid regions, poor areas and
populations, and arcas with Mmman-induced water scarcity; hence many of these effects are liksly to be
expericnced in developing countries and oot directly in the US. Information about the effects of
increasing drought on U.S. agriculturc can be found in section B¢},

Forest Fires

In some regions, changes in the mean and varisbility of temperature and precipitation are projected 1o
increase the frequency and severity of firc events, including in parts of the US. (Easterling, W. et al.,
2007). Forest and bushfires cause bumns, smoke inhalation and other injuries. Large fires are also
accompenied by an increased rumber of patients secking cmergency services for inhalation of smoke and
ash (Hoyt and Gerhart, 2004 in Confalonieri et il 2007). The JPCC (Field pt al, 2007} noted 8 number of
observed changes in U.S, wildfire size and frequenicy, Additional information on the effects of forest fires
can be found in Sections 8(b) and H(b).

T{e)  Climate-sensitive diseases

* Nicholls et al., 2007 citation refers to Chapter 6, “Coastal Systems and Low-lying Arcas” s IPCC's 2007 Fourth
Assessment Report, Working Gtroup I1.

Ersterting et al., 2007 citatipn refors to Chaptée 5, “Food, Fibre and Forest Produsts™ in IPCC 2007 Fowsth
Astessment Report, Working Group 11
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The IPCC (20076} notes that many human diseases are seusitive to weather. The incidence of airbome
infectious diseases (eg., coccidioidomycosis) varies seasonally and annually, due partly to climae
variations such gs drought, which Is projected 1o Inerease in North Americs (Kolivias and Comrie, 2003
in Field et al., 20607), . .

Watcrbome disease outbreaks arc distinctly seasonal (which suggests potential underlying environmental
or weather control), clustersd in particular watersheds, and associsted with heavy precipitation. The risk

of infectious disease following flooding in high-income countrics is generally low, although incresses in .

respiratory and diarrheal diseases have been reported after floods (Misttinen et al., 2001; Reacher et af

2004; Wadc ct al,, 2004 in Confalonieri et al, 2007). For example, after Hurricanes Katring and Rita in

2003, contamination of water supplies with facal bacteria Jod to many cases of diarrhea! illness and some
deaths {CDC, 2005; Manuel, 2006 in Confalonjes et al, 2007),

Foodborne discases show some relationship with temperature (e.g., increased temperatures have been
associated with increased cases of Salmonellosis) (ISouza ct al, 2004; Kovats et al., 2004; Fleury ctal,,
2006 in Confulonferi et al, 2007). Vibrio spo. Infections from shellfish conmumption may also be
influsniced by temperature (Wittmann and Flick, 1995; Tuyet et al,, 2002 in Confalonicr et al, 2007, For
example, the [PCC (Confalonleri et al, 2007) cited & 2004 outbreak of ¥ parahaemolyticus that was linked
to atypically high temperatures in Alaskan coastal waters (McLaughlin ot al., 2005).

The sensitivity of many zoonotic™ diseases to climate fluctustions is also hightighted by the IPCC (Ficld
ot al,, 2007). Above sverage tempemtures in the US. during the summers of 2002-2004 were linked to
the greatest transmissions of West Nile vimis (Reisen et al, 2006 in Fisld et al., 2007). Saint Louis
encephalitis has a tendency to appear during hot, dry La Nina yours (Cayan et al., 2003 in Field et al,,
2007).  Associations between temperature (Ogden ¢t al,, 2004) and precipitation (McCabe and Bunnell,
2004) and tick-bome Lyme disease are also noted by [PCC (Field et al,, 2007). A study found that the
northermn range limit of fxodes seapularis, the tick that carries Lyme disease, could shift north by 200 km
by the 20205 and 1000 km by the 2080s (Rrownstein ct al., 2003 in Field st al., 2007},

Although large portions of the U.S. may be at potential risk for discases such as malaria based on the
distribution of competent disease vectors, locally acquired cases have been virtually climinated, in part
due to veotor and disease control activities (Confalonieri et al, 2007).

The IPCC concludes that human health risks from climate change will be strongly modulated by changes
in heaith care, infrastructurs, technology, and accessibility to health core (UNPD, 2003 in Ficld ¢t al,
2007). The aging of the population and pattems of immigration andéor emigration will also strongty

influence risks (UNFD, 2005 in Field et al, 2007). Infectious diseases could hecome more prominent if
public health systems unravel or if new pathogens arise that are resistant to our current methods of disease ;

control (Barretx et al., 1998 in Confalonieri et al, 2007},

7(d) {Aercallergend

Exposure to allcrgens results in allergenic ilinesses in approximately 20% of the US population
(American Academy of Allergy Asthma & Immunology (AAAAD, 1996-2006), Although there is
substantial evidente sugpesting & caussl relationship between acroslizrgens and allergenic illnesses, it
remains unclear which asroallergens sre most impottant for sensitization and subsequent disease
development (Nielsen, G. D, et al., 2002). Not only the type, but also the amount of aeroalicrgen to
which an individual is exposed influences the development of an allergenic illness.

*A zoonotic disease is any infectious disease that i able to B¢ transmitied fom an animal or nonhuman species to
humans, The natural reservoir is 8 ponhumen TEEBEVaIr,
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Climate change, including changes in OO, concentrations, conld impact the production, distribution,
dispersion and allergenicity of sercallergeny and the growth and distribution of weeds, grasses and trees
that produce them (MeMichael. ¢t al., 2001%; Confalonieri et al.; 2007), These changes in scroallergens
and subsequent human exposures could affect the prevalence and severity 'of allergy symptoms.
However, the scientific literature does not provide definitive data or conclusions an how climate thange
might impact seroallergens and subsequently the prevalence of allergenic illnesses in the U.S. In addition,
there are numerous other factors that affect acroallergen levels and the prevalence of associated allergenic
iltnesses, such as changes in land use, air pollution, and adaptive responses, many of which are difficult to
HEgoss

It has generally been observed that the presence of elevated (O, concentiations and temperatitres
stimulates plants to increase photosynthesis, biomass, water use efficiency, and reproductive effort. The
TPCC coneluded that poflens are likely to incresse with shevated temparsture and CO, (Fiekd et ., 2007).
Laboratory studies that used a doubling of €O, stimulated ragweed-pollen production by over 50%
{Wayne et al, 2002 in Fleld et al,, 2007). A U.8$.-based ficld study which used existing temperature/CO,
soncentration differences between urban and rural aress as o proxy for climate changs found that ragweed
grew faster, flowered earlier, and produced significantly greater aboveground biomass and ragweed

- pollen at urban locations than at rural locations (Ziska et al., 2003 in Field et al, 2007),

The IPCC {Confalonieri et al, 2007) noted that climate chenge has cansed an sarlier onset of the spring
pollen season in North America (D'Amato ct al., 2002; Weber, 2002; Beggs, 2004) and that there is
limited evidence that the length of the pollen season has increased for some species. However, it is
unclear whether the allergenic content of these pollens has changsd. The IPCC concluded that
introductions of new invagsive plant species with high allergenic pollen present important health risks,
noting that ragweed (Ambrosia artemisiifolia) is spreading in several party of the world (Rybnicek and
Jaeger, 2001; Huynen and Menne, 2003; Taramarcaz et al., 2008; Cecchi et al., 2006 in Confalonier et al,
2007).

% MoMichacl et a1.. 2001 citation refers o Chapter 4. “Human Health" in IPCC™s 2001 Third Assessment Report,
Working Group I1.
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Section 8

Alr Quality

The IPCC (2007b) projects with virtual certainty™ “declining air quality in cities” due to “warmer and
fower cold days and nights and/or warmet/more frequent hot days and nights over most land arcas” across
all world regions. Furthermore, the [PCC reports with very high confidence that climate change impacts
on human health in U.S. cities will be compounded by population growth and an ageing population (Field
et al, 2007). Surface air concentrations of air poliutants are highly sensitive to winds, Wemperature,
humidity and precipitation (Denman et al. 2007). Climate change can be expected to imfluence the
concentration and distribution of air pollutants through & variety of direct and indirect processes,
including the modification of biogenic cmissions, the change of chemical reaction rates, wash out of
pollutants by precipitation, and modification of weather pattems that influence pollutant buitdup. In
summarizing the impact of climate change on ozons and particulate matter (PM), the IPCC (Denmn ct
al., 2007) states that “future climate change may ceuse Significant air quality degradation by changing the
dispersion rate of pollutants, the chemical environment for ozone and PM generation and the strength of
ernissions from the biosphere, fires and dust™ The IPCC also states {Deniman ot al, 2007) that jarge
unceriainties remain for many tssues, so that quantitative estimates of the importance of the coupling
mechanisms are not always available and, further, regional differences also limit our shility ta provide s
simple quantitative description of the interactions between biogeachemical processes and climate change.

This seotion describes how climate change may inerease gmbient concentrations of ozone and, in some ..

cascs, PM with associated impacts on public health and welfire in the 1.5,

8(a) Trupokphﬁrie Ozone

Dzone fimpacts on pubic health and welfare sre Seseribed in EPA’s Air Quality Criteria Document for
Ozone (EPA, 2006), Breathing air vontaining ozone st sufficient concentrations can reduce lung function,
thereby apgravating ssthimg or other respiratory conditions. Ozone exposure heg been associated with

increases in respiratory infection suscepribility, medicine use by asthmatics, emergency department visits
and hospital admissions. Dzone exposure gt sufficient concentrations may contribute to promaturs death,
especially in susceptible populations, In contrast to human health effects, which are asspciated with
short-term exposures,, the most significant ozone-induced plant effects {e.g., biomass loss, vield
reductions) result from the accumuiation of ozone exposures over the growing season, with differentiaily
graater impact resulting from exposures to higher concentrations andfor longer durations.

Tropospheric ozone is both naturally occurring and, as the priméry constituent of urban smog, a
secondary poliutant formed through photoshemical reactions involving nitrogen oxides (NOx) and
volatile organic compounds (VOCs) in the presénce of sunlight. As described below, climate change can
affect ozone by modifving (1) emissions of precursors, (2) atmospheric chemistry, and (3) transport and
removal (Denman et al., 2007).

The IPCC (Denman et al,, 2007) states that, for all world regions, “climate change affects the sources of
ozonc precursors through physical response (lightning), biological response {soils, vegetation, and
biomass buming) and human response (energy generation, land use, and agriculture).” Nitrogen oxide
emissions due to lightning are expected 10 increase in & warmer climate (Denman et al, 2007,
Additionally, studies using general circulation models comcur that influx of nzone from the stratosphere to

1

* Aceording ta IPCC terminology, “virtually certain” conveys g greater than 99% probability of acourrence. See
Box 1.3 on page 4 for = full description of IPCC's uncertainty terms,
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the woposphere gould increase due to Jarge-scale stmospheric circulation shifts (i.e., the Brewer-Dobson

circolation) in response to climate warming (Denman et al,, 2007), “The sensitivity of microbial activity in
soils to temperature also points toward a substantial increase in the nitric oxide emissions (Yienger and
Levy 1995; Brasseur et al., 2006). As described below, biogenic VOC emissions increase with increasing
temperatare.

Climate induccd changes of biogenic VOC emissions alonc may be regionally substantial Jeading 1o
significant incroases in ozone concentrations (Hauglustaine et al., 2008, Hogrefe st al., 2004; European
Commission, 2003). Sensitivity simulations for the 20505, relative to the 19003 {under the A2 IPCC
scenario) indjcate that increased biogenic emissions alone 8dd 1-3 parts per billion (ppb) to summertime
avernge daily maximum 8-hour ozome concentrations in the Midwest and along the castern seabourd
(Hogrefe ct al,, 2004). The IPCC (Mech! et al., 2007) reports that biogenic emissions arc projected
increase by between 27 and 59%, contributing to a 30 to 50% increase in ozone formation over northemn
continental regions (under the A2 IPCC seenario for the 2090-2100 timeframe, relative to 1990.2000).

Climate change impacts an temperature and water vapor could affoct ozone chemistry significantly
{(Dcnman ¢t &l, 2007). A number of studies in the U.S. have shown that summer daytime ozrone
concentrations correlate stropgly with tempersture. That s ozone pencrally intreases at higher
tempeoratures. This correlation appoars to reflect contributions of comparable meagnitude from (1)
temperature-dependent biogenic VOC emissions, 85 mentioned above, (2) thormsl decompositon of
peroxyusotyinitrate (PAN), which acts as a reservoir for NOX, as described immediately below, and (1)
association of high temperatures with regional stagnation, also discussed below {Denman c1 al, 2007).

Climate change is projected to increase surface laver azone concentrations in both urban and polluted
rural environments (any world region of high emissions) duc to decomposition of PAN st higher
temperatures {Sillman and Samson, 1995; Liao and Seinfeld, 2006). Warming enhances decompuosition
of PAN, releasing NOx, an important vzone precursor ($tevanson et al., 2005). Model simislations dsing
Inereasing temperatures for the year 2100 showed ethanced PAN thermal dzcomposition caused this
species to decrease by up to 50% over soures regions and ozone net production w increase (Mauglustaine
et al, 2005}

Atmospheric circulation can be expected to change in a warming climate and, thus, modify poliutant

transport and removal. Jf there are more frequent occomence of stagnant air events in urban or industrial ...

arees could enhunce the inlensity of sir pollution events, afthough the importance of these cffects 18 not
yet well quantified (Denman et al., 2007). The [PCC (2007d) concluded that “extra-tropival storm tracks
arc projected to move poloward, with vonsequent changes in wind, precipitation, and temperature
patterns, continuing the broad pattern of obsarved trends over the last half-century.™

The IPCC (Denman et al,, 2007} eites the Mickley et al. (2004} study for the eastern 1.8, which found an
increase in the scverity and persistence of regional pollution episodes gasociated with?9, d
frequency of ventilation by storms tracking across Canada. This study found that surface cyclone activity
decreased by approximately 10-20% in a future simulation (for 2050, under the IPCC AIB scenario),
which is in general agreement with & number of observational studics qver the northern midiatitudes and
Worth America (Zishka end Smith, 1980; Agee, 1991; Key and Chan, 1999, McCabe et al, 2001)
Northeast 1.8, summer polhntion episodes are projected in this study to increase in severity and duration:
pollutant concentrations in episodes increase 5-10% and episode durations increase from 2 1o 3.4 days.

Regarding the role water vapor plays in ropospheric ozone formation, the IPCC (Denman et al., 2007)
reports that simulations for the 21st contury indicate a decrease in the lifetime of trapospheric gronc duc
to increasing water vapor. The projected incrcase in water vapor both decelerates the chernical
proviuction and sceelerstes the chomical destoction of ozone (Mechl et al, 2007), Overall, the IPCC
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states that climate change is expected to decrease background tropospheric ozone due to higher water
vapor and to increase regional and wrban-scale azone pollution due to higher temperatures and weaker air
circulation (Demman eral,, 2007; Confalonieri et al., 2007). : ‘

For North Amcrica, the IPCC (Pield ot al,, 2007 reports that surface ozone concentration may increase
with a warmer climate. Several studies predict increases in ozone concentrations due to climate changs in

© the near futgre (20205 and 2030s) as well as for 2050 and beyond. The IPCC {Field & al, 2007,

Wilbanks et al, 2007) cites Hogrefe et al. (2004) who evaluate the effects of climate change on regicnal
ozong in 13 U.S, cities, finding that average summertinte daily S-hour maximum ozone concentrations
could increase by 2.7 ppb in the 2020s and by 4.2 ppb in the 2050z (under the IPCC A2 soenario). For the
20505 (under the IPCC A2 scenario), the IPCC (Ficld et al,, 2007) cites Bell et al. (2007) who report that
the projected effects of climate change on vzone in 50 eastern U,S, citics increased the nomber of summer
days oxceeding the §-hour U.8. BEPA standard by 68% (Bell et af,, 2007),

Mickley et al. (2004) found that significant changes occur at the high end of the poliutant concentration
distribution (episodes) in the Midwest and Northeast between 2000 and 2050, Bell and Ellis (2004) also
found the largest increases in ozone concentrations ovourrad near peak valies. While summer average
daily maximum 8-hour ozone concentrations increase by 7.7, 4.2, and 5.0 ppb in 2020s, 2050s, and 2080s
{(compared to 1990s), the fourth highest summertime daily maximum S-hour ozone concentrations
increase by 5.0, 6.4, and B2 ppb for the 2020s, 2050s, and 2080s, respectively (compared to 1990s)
(Hogrefe et al., 2004). These findings raise particular health concems.

The [PCC (Field ct al., 2007) states that, “warming and climate extrames are likely t¢ increase respiratory
illncss, including exposure to pollen and ozone.™ And the IPCC further states that "severe heat waves,
characterized by stagnant, warm sir masses and consecutive nights with high minimum teraperatures will
intensify in magnitude and duration over the portions of the U.S. and Canada, where they already ocour
¢high confidence} (Field et al., 2007)."

Assuming ¢onstant population and dose-response characteristics . and_no gnforesment of the current
NAAQS, ozone related deaths from climate change in the U.S. are projected to inerease by approximately
4.5% from the 1990s to the 2050s (under the IPCC A2 scenario) (Field et al, 2007, Bell ot al,, 2007;
Knowlton <t al, 2004). According to the IPCC (Field et al, 2007), the “large potential population
exposied to owtdoor wir pollution, transiates this small relative risk into & substantial ateibutsble health
risk.” In New York City, health impacts could be further exacerbated by climate change interacting with
urban heat island effects (Field et at, 2007).

e critert } . Although miany areas of the US remain out of compliance wi t'e

ozene and PM2.5 standards, there is evidence for gradual improvements in recent vears, and this
TORTESS & &% continue with more stringent emissions controls poine forward in
time the influence of climate change on air auality will ou inst a bag of
i {e sontrol of both o and PM2.5 that will shift the baseline concentrations of

these two jmportant air polfutants. On the other hand, most of the studies that have exam ined
fal fi i i i i iewed b have tried to izol I

otential future climate impacts on air quality revi elow have to izolate the clim,

effect by holding precursor emissions constant over re decades. Thus, the focus has besn on
examining the sensitivity of ozone goncentrations to alternative future climates rather than on
atternpting to pradict actual future orane concentrations,
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&
The IPCC reports (Deaman et al, 2007) that “the qurrent generation of fropospheric ozone models is
generally successful in describing the principal featuras of the present-day global ozone distribution.”
The [PCC (Denman t al., 2007) also states that “there are major discrepancies with observed fong-term
trends in ozone concentrations over the 20th century” and “resolving these discrepancies is needed to
establish confidence in the models ™

In addition to human heaith effects, eleyated levels of tropospheric ozone has significant adverse effects
on crop yields in the U.S. and other world regions, pasture and forest growth and spocies composition
(Easterling ct al., 2007; EPA, 2006; Volk et al., 2006; Ashmore, 2005: Vandermefren, 2005; Loya ef .,
2003). Furthermore, the effects of air pollution on plant function may indirectly affect carbon storage;
recent rescarch showed that tropospheric ozone resulted in significantly less enhancement of carbon
sequestration rates under clevated CO; (Loys er al., 2003}, due to negative effects of ozone on biomass
productivity and changes in litter chevhistry (Booker ef al., 2005; Liu ef ai., 2005),

8(b) Particulate Matter

Particulate matter impacts on public health and welfare are described in EPA’s Air Quality Criterin
Document for Particulate Matter (EPA, 2004), Particulate matter is & somplex mixture of anthropogenic,
biogenic and natural materials, suspended as serosol pasticles in the ateoosphere. When inhaled, the
smallest of these particles can reach the deepest regions of the lungs. Sciemific studies have found an
association between exposure to PM and significant health problems, including: agpravated asthma;
chronic brenchitis; reduced lung function; irregular heartbeat: heart attack: and premature death in people.
with heart or fung disease. Particle poliution also is the main cause of vigibility impairment in the
natjon’s cities and national parky,

The overall directional impact of climate change on PM levels in the U.S. remains uncertain. The body of
literature specifically addressing the potential effects of climate change on PM is limited but there is a
substantial body of literature describing how ambient PM responds to a wide range of metearological
conditions. On the basis of this information, broad conchysions can be drawn conceming the behavior of
ambicnt PM concentrations given a set of the meteorological changes anticipated in a warming climate,
Those meteoralogical changes are expected to affect PM concentrations by modifying emissions of (1)
primary PM and PM precursor emissions, (2} scrosol photochemistry, and (3} transport and removal, a3
described below.

Particulae matter and PM precursor emissions are affected by climate:change through physical response
(wind blown dust), bictogical response (forest fires #ad vegetation type/distribution) and human response
(energy generation). | Most natural acrosol sources are controlled by climatic parameters like wind,
moisture and temperature; thus, human induced climate change is expectad 1o affect the natural acrosol
burden.  Blogenic organic matertal is both directly emitied into the atmosphere and produced by VOCs.
All biogenic VOC emissions are highly sensitive to changes in temperature, and are also highly sensitive
10 climate-induced changes in plant species composition and biomass distributions. Blogenic emissions
rates are predicted to increase, on average across world regions, by 10% per 1°C increase in syrface
temperature (Dénman ot al,, 2007, Guenther of al, 1993} The response of biogenic sccondary organic
carhon aerosol production to a temperature change, however, could be wonsiderably lower than the
responge of biogenic VOC emissions since gerogo! yields can decrease with increasing temperature

{Dentan et al., 2007,
Particulate mtter emissions from forcst, fires cem contribute 1o acute and chronic ﬁmesses of the
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respinatory systetn, particularly ju-eliildren, including pcimonis, upper respiratory. discasés; asthma and

ehronic obstructive puimeodary dissasés: (WHO, 2002; Bawaman: i Jolidston, 2005; Moore et al., 2006;

Confalonieri et al,, 2007). The IPCC (Field et al., 2007) reporied with very high confidence that in North
America disturbances like wildfire are increasing and are likely to intensify in & warmer future with drier
soils and longer growing seasons. Pollutants from forest fires can affect air quality for thousands of
kilometers (Confalonier et al., 2007). Westerling ct al. (2006 as referenced in [PCC (Fieid et al,, 2007))
found that, in the fast three decades, the wildfire season in the western U.S. has increased by 78 days, and
burn durations of large fires have increased from 7.5 to 37.1 days, in response to 2 spring-summer
warming of 0.87°C, Ewrlier spring snowmel has led 1o longer growing scasons and drought, espeoially at
higher clevations, where the increase in wildfire activity has been greatest (Westerling et al, 2006).
Analysis by the State of California suggests that large wildfires could become up o 55% more frequent in
gsome ereas toward the end of the century due to continued global warming (Califorsia Climate Change
Canter, 2006).

Particulate matter chemistry is affected by changes in temperature brought about by climate change as
follows. Temperature is one of the most important meteorological variables influencing air quality in
urban atmospheres because it directly affects ges and heterogeneous chemicnl reaction rates and gas-to-
particle partitioning, The net effect that incroased temperature hag on airborne particle concentrations is a
balange between increased production rates for secondary particulate marter (increases particuiate
concentrations) and increased equilibrium vapor pressures for semi-volatile particulate compounds
(decreases particulate concentrations), Increased temperstures may either increase or degrease the
voncentration of semi-volatile scoondary reaction products such as smmonium nitrate depending on
ambient conditions,

The IPCC (Denman et al., 2007) notes that there hos been less work on the sensitivity of asrosols to
meteorological conditions and cites regional model simulations by Aw and Kleeman (2003), The regional
mode] simulations for Southern California on September 25, 1996 projected decreases in 24-hour average
PM, s concentrations with increasing temperatures for inland portions of the South Cosst air basin, and
projected increases for coastal regions. Increused temperatures may either incresse or deersase the
concentration of semi-volatile secondary reaction products such as ammenium nitrate depending on
ambient conditions. Regions with rslutively hot initial temperatures (>290 K) will tikely experience 2
reduction in particulate ammonium nitrate concentrations as temperature increasss, while regions with
relatively cool initial temperatires (<290 K} may experience minor reductions or even small incresses in
particulate ammoniwn nitrate concentrations as lemperature increases. The net effect that increased
temperaturc has on airborne particle concentrations is a balance betwecn increased production rates for
secondary PM {increases particulate voncentrations) and inereased cquilibrium vapor pressures for sermi-
volatile particniate compounds {decreases partigulate concentrations).

The transport and removal of PM is highly sensitive to winds and precipitation, Removal of PM from the
atmosphere occurs mainly by wet deposition (NAS, 2005). Sulfare lifetime, for example, is estimated to
be reduced from 4.7 days 1o 4.0 days as a result of incrensed wet deposition (Liso and Seinfeid, 2006),
Precipitation also affects soil moistuwre, with impacts on dust source strength and on stomatal
opening/closure of plant leaves, henee affecting biogenic emissions (Denman et al, 2007). Precipitation
has generally increased over land north of 30°N over the peripd 1900 1@ 2005 and it has becoms
significantly wetter in eastern parts of North America (Trenberth et al, 2007).  However, modc!
parameterizations of wet deposition are highly uncertain and not fully realistic in their coupling to the
hydrological cyclc (NAS, 2005). For models to simulate accurately the seasonally varying pattem of
precipitation, they must correctly simalate a number of processes (e.g., evapoltanspiration, condensatign,
transpors) that are difficult to avaluate at g global scale (Randall et al,, 2007). In 1997, EPA demonsirated
that visibility impairment is an important effect on public welfare and that visibility impairment is
sxperienced (though not necessarily atributed to climate change) throughout the U8, in multi-state
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Section 9

Food Production and Agriculture

Food production and the agricultural sector within the U.S. are sensitive to short-term climate variability
and long-term climate change. This section addresses how ohserved and projected climate changs may
affect U8, food production and agriculture. Foad production and agricuiturs here includs grop yields and
production, livestock production (e.g, milk and meat), freshwater fisheries, and key climate-sensitive
izsues for this sector including drought risk and pests mnd weeds. ‘

In addition to changes in average temperatures and precipitation patierns, this section also addresses how
US. food production and agriculture may be affected directly by elevated CO, levels, as well as the
frequency and severity of extreme events, such as droughts and storms, Climate changesinduced effects
on tropospheric ozone Jevels and their impacts on agriculture are discussed in Section 8 on Air Quality.

Vulnersbility of the U8, agricultural sector to climate change is & function of many intéracting factors
including pre-cxisting climatic and soil canditions, changes in pest competition, water availability, and
the sector's capacity to cope and adapt through management practices, seed and cultivar technology, and
changes in coonomic competition among regions, .

The IPCC (2007b) made the following conclusion about food production and agriculture for North
America:

Moderate climate change in the early decades of the century is projected 1 increase aggregate yiclds
of rainfed agriculture by 5-20%, but with impertant variability among regions. Major challenges are
projected for crops that arc near the warm end of their suitable range or depend on highly utilized
water resources [high confidence]

¢ With increased 00, and temperature, the life cycle of grain and vilseed erops will likely progress
more rapidly. But, as temperature rises, these crops will increasingly begin to experience failure,
especially if climate variabilit;_« increases and precipitation lessens or becomes more variabls,

» Climate change is likely 1o lead to 8 northern migration of weeds.

* Higher temperatures will very likeily reduce livestock production during the summer season, but
these losscs will very likely be partially offset by warmer temperatures during the winter season.

(@) Crop yields and productivity

# According o IPCC erminology, “high eonfidence” conveys an 8 out of 10 chance of being correct. Sec Box 1.3
on page 4 for a full description of [PCL’s uncertainty terms.
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The IPCC Fourth Assessment conclusion that North Amcrican rain-fed agriculturs is projected to
experience net benefits with moderate climate change, with significant regional variation, generally
confirms the previous conclusion from the IPCC Third Assessment Report (2001),% Moderate climate
change for temperate regions such as the U.S, is described as focal increases in temperature of 1.3°C (~2-
§°F), which may orcur within te next few decades or past mid-century depending on seenario (see
Section 6 for wmperature projections). Increased average warming feads to an extended growing season,
eapecially for northemn regions of the U.S. Further warming, however, is projected to have increasingly
negative impacts in all regions (meaning both temperate, including the U, and ropical regions of the
world} (Easterling et al. 2007,

Otbservational cvidence shows that, over the last century, aggregate yields of major 1.5, crops have been
increasing (USDA, 2007; Troyer, 2004 a5 referenced in Field ot al., 2007), with significant regional and
temporal variation, Multiple factors contribute to these long term trends, including seed technology, use
of fertilizers, management practices, and climate change. Weather events are a major factor in annual
erop yicld variation. The IPCC (Ficld et al., 2007 and references therein) reviewed 8 number of studies
showing the offects of weather and dlimate variability on U.S. ¢rop yields:

»  Excessive soil moisture reduced the value of the U.S. comn crop by an average of 3% or USS600
million/yr between 1951.1008 (Rosenzweip ot al;, 2002);

* In California, warmer nights have enhanced the production of high-quatity wine grapes, but
additional warming may not result in similar meresses a5 wine grapes may afready be pear
climae thresholds;

*+  FPor twelve major crops in California, climate fluctuations over the Iast 20 years have not had
large effects on yield, though they have been a positive factor for oranges and walnuts bt
negative for avocados and cotton,

For projected climate change effects, the IPCC summary conclusion of net bencficial offects in the sarly
decades in the U.S,, with significant regional variation, i supported by & number of recent assessments
for most major crops, The variable future climate change effects among regions and ¢rops have also been
identified. For example, the south-castern U.§. may bc more vulnersble to increases in average
temperature than more northem regions du to pre-existing temperaturcs that arc already relatively high.
Likewise, oertain crops that arc currently near climate thresholds (eg., wine grapes in California) are
likely to experience decreases in yiclds, quality, or both, even under moderats clitate change scenarios
{Ficld ot al., 2007,

Changes in precipitation pattéms will play a large role in determining the net impacts of climate chenge at
the national end sub-national scales, where uncertainties about precipitation changes remain very large.
The IPCC (Field et al., 2007) reviewed intcgrated assessment modeling studies exploring the interacting
impacts of climate and economic factors on agriculture, water resources, and biome boundaries in the
U.5. and concluded that scenarios with decreascd precipitation create important challenges, restricting (he
availability of water for irrigation and at the same time increasing water demand for irrigated ugrivulture,
as well as urban and ecological uses. The criticat importance of specific agro-climatic events, such as last
frost, also introduces uncertainty in future projections (Fisld et al,, 2007).

* The North America chapter from the TPCC Third Assessment Report (Cohen ot a1, 2007} concluded: “Food
production is projected 1o henedit from s warmer climate, but thers probably witl be strong regiona) effects, with
som;dareas in Morth America suffering significant loss of comparative sdvantage to other regicns {high
confidence).”
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There is still debate and uncertainty about the sensitivity of crop yiclds in the US. and other world
regions 1o the direct effects of clevated CO: levels, The IPCC {Easterling ot 2., 2007) concluded that
cievited CQ, fevels are expected 1w contribute to small beneficial impacts on crop yields. The IPCC
confirmed the general conclusions from fts previous Third Assessment Report in 2001, Experiments
research on crop responses 1o elevated CO; through the FACE (Free Air CO; Enrichment)” experiments
indicate that, at apsbicnt. CO; concentrations of 530 ppm (approximately double the concentration from
pre-industrial times), crop yields increase under unstressed conditions by 10-25% for C3 crops, and by 0-
10% for C4 crops {medium confidence)™. Crop mode! simulations under elevated 0y are consistent with
these ranges (high confidence) (Easterling ct al., 2007). High temperatures, waler and nutrient
availability, and ozone exposure, however, can significantly limit the direct stimulatory €0, response (sec
also Section B on Air Quality). The CCSP (2008a) report concluded thit the benefits of COy rise over the
mext 30 years will mostly offset the negative effects of tempersture for most C3 ctops except rice and
bean, while the C4 crop yields will be reduced by rising temperatures because they have little response to
the OO, riss.

b}

Trrigation requirentents

The impacts of climate change on irrigation water requirements may be large (Easterling et al, 2007,
The IPCC considered this to be a new, robust finding since the Third Assessment Repor in 2001, The
increase in imigation demand due to climate change is expected in the majority of world regions including
the U.S, duc to decreased rainfall in certain regions and/or increased evaporation arising from increased

temperatures, ¥ modeling studics of fimure climate change, sdditional irrigation is often assumed in .-

e ]

“Recent studies indicate that climate change scenarios that Include increased frequency of heat stresg,
droughts and flooding evems reduce crop yields and livestock productivity beyond the impaets due to
changes in mean variables alone, creating the possibility for surprises. Climate variability and change also
modify the risks of firce, and pest and pathogen outbroaks, with negative consequences for f00d, fiber and
forestry (high confidence)” The adverse effects ot crop yields due to droughts and other extreme events
may offset the beneficial direct offects of elevated €Oy moderate temperature increases over the fear
ienmn, and longer growing seasons.

:: hatpeAwww. bl gov/face/
C3 and C4 refer 1o different carbon fixation pathwarys in plants during photosynthesis. ©3 is the most common
pahway, and C3 crops (e.g., wheat, 8soybeans and rice) ate more sesponsive than C4 Crops such as maize,
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Drought events arc alrcady 2 frequent ocourrence, especiglly in the western U.S. Vulnembifity 10
extended drought is, sccording o IPCC (Field & al., 2007), incressing ecross North Amcrica as
popuiation growth and economic development increase demands fom agricultural, ’?““53*?’%, and
ind ie ofien associater with- th

1 I ke 14 Xovin B0 HRUERERE 1 8,
Average snpual presipitation is projected to decrease in the south U.S. but increase o
of North America (Christonsen et al., 2007), Seme studies project widéspread increses in extreme
precipitation (Christensen et al., 2007), with greater risks of not only flooding from intense precipitation,
but also droughts from greater tomporal variability in precipitation.

Hd)  Pests and weeds

articular, the IPCC review indi that intersctions hetween COP, tem |
ipitation will play an imporiant role in determining plant da from pests in fature

LrEcipitation Hnpartant r

ling et al.. 2007
‘9.(.é.)......Ei:v.é-s.t.a..ei...n.j......-.-.uv.._.-....,-‘.,.. R R R L Lk T

Climate change has the potential to influcnce livestack productivity in & number of ways, Elevated CO,
concentrations can affect forage quality; thermal stress can directly affect the health of livestock animals:
an increase in the froquency or magnitude of extreme events can lead 1o fivestock loss; and climate
change may affect the spread of animal diseases. The IPCC has generated a number of new conclusions
in this ares compared to the Third Asscszment Report in 2001, These conclugions, applicable to U.S. and
other livestock producing regions, include {Easterling et al, 2007);

» Changes in forage quality: Elevated CO, can increase the carbon 1o nitrogen ratio in forages and thus
reduce the nutritional value of those grasses, which in turn affects animal weight and performance.
Under elevated CO,, a decrease of C4 prasses and an increase of C3 grasses (depending upon the
plant species that remain) may occur which could potentiglly reduce or alter the nutritional quality of
the forage grasses available to grazing livestock; however the exact effects on both types of grasses
and their nutritional quality stili necds to be determined.

* Thermal stress reduces productivity, conception rates and is potentially life throatening 1o livestock,

According to one study reviewed in IPCC (Frank et af., 2001), the U.5. pereentage decroass in swine,
becf and dairy milk production in 2050 averaged 1.2%, 2.0%, and 2.2%. respectively, using one
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. climate model and 0.9%, 0.7%, snd 2. 1%, respectively, using & diffevent climate model.  However,
reduced livestock production due e higher temperatures in the summer may be offeet due to higher
temperatures during the winter (CCSE, 2008a).

+ [ioreased climate variability (inehuding extremes in both hest dnd cold) and droughts may fead to

livestock loss. The impact on antmal productivity due £ incressed vaniability in westher Em-wiu

likety be far grester than effects associnted with the average change in climatic conditions,
%)  Freshwater and marine fisheries

Freshwater fisherics are sensitive o changes in remperature and water supply, which affect flows of rdvers
aid streams, as well as lake levels. Climate change can interact with other factors that affact the health of
fish and productivity of fisheries {g.g., habitat loss, land-use change),

The IPCC (Field et al, 2007 and references therein) reviewed a number of North American swudies
showing how freshwater {ish are sensitive to, or are being affected by, observed changes in climate:

s Cold~ snd cool-water fisheries, especially salmonids, have been declining 8s warmer/drier eonditions
reducc their habitat. The ses-run salmon stocks are in steep decline throughout much of North
America;

¢ Pacific salmon have been appearing in Arctic rivers;””

Salmonid specics hava beon affected by warming in U S, streams;

»  Success of adult spawning and survival of fry brook trout is closely linked to cold groundwater seeps,
which provide preferred temperature refuges for lake-dwelling populations. Rates of fish cgg
development and mortality ingrease with temperature rise within species-specific tolerance ranges.

-

Regarding the impacts of future ¢limate change, IPCC concluded, with high confidence for North
America, that cold-water fisheries will likely be negatively affected; warm-water fisheries will generally
benefity and the results for cool-water fisheries will be mixgd, with gains in the northern and losses in the
southern portions of ranges (Field et al., 2007). A number of specific impacts by fish species and region
in North America aro projected (Field et al, 2007 and references therein):

Salmonids, which prefer cold water, are likely to experience the most negative impacts;

Arctic freshwaters will likely be most affected, as they will sxperience the greatest warming:

Many warm-water and cool-water species will shift their ranges northward or to higher altitudes:

In the continental U.8., cold-water species will likely dissppear from all but the deeper lakes, cool-
water specics will be lost mainly from shallow lakes, and warm water species will thrive except in the
far south, where tempetutures in shallow Iakes will exceed survival thresholds.

®* & 8 &

Climatc varisbility snd change can also impact fishérics in coastal and estuarine waters, sithough non-
climatic factors, such as overfishing and habitat loss and degradation, are already responsibile for reducing
fish stocks (Michols et al,, 2007). Coral recfs, for example, are vulnerable % a range of siresses and for
many reefs, thermal stregs thresholds will be crossed, resulting in bleaching, with severs adverse
consequences for reef-based fisheries (Nichals o al., 2007). Increased storm imtengity, ternperarere and
salt water intrusion in coastal water bodies van also adversely impact coastal fisheriss preduction,

® Arctic inclodes targe rogions of Alasks, and the Alaskan indigenons population makes up largest indigenous
populetion of the Arctic (sex ACLA, 2004),
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Section 10

Forastry

This section addresses how climate change may affect forcstry, including timber yields, wildfires and
drought risk, forest composition, end pests in the U.8. For North America, the IPCC (Field t al,, 2007)
conghaded: '

Overgll farest growth in North America will likely inoreass modestly (10-209%) 28 a tesult of
extended growing seasons and elevated COy over the next century, but with important spatial and
tempors] varistion {medium confidence) %

Disturbances like wildfire and insect outbraaks are increasing and are likely to intensify in a warmer
future with dricr soils and longer growing seasons (very high confidence). |Although recent olimate
frends have increaséd vegemation growth, continuing increases in distwbances are likely to Hmit
casbon storage, facilitate frvasive species, and discapt ecosystemn services. | Over the 218t century,
pressure for species to shift north and to higher elevations will fundamentally rearrange North
American ccosystens, Differential capacities for range shifts and constraints from development,

habitat fragmentation, invasive species, and gcological connactions will alter ecosystem structure,

function, and services,

The CCSP (2008a) report sddressing forestry and land resources made the following general conclusions
for the U.S.:

= Climate change has very likely increased the size and number of forest fires, insect outhreaks, and
trew mortality in the interior West, the Southwest, and Alaska, and will continue w do o,

= Rising CO; will very likely increase photosynthesls for forests, but this increase will tikely enly
enhance wood production in young forests on fertile soils.

* The combined effects of rising temperatures and CO;, uitrogen deposition, ozone, and forest
disturbance on soil processes and soil carbon storage remaing unclear. '

Forest Productivity

* According 1o IPCC terminology, “medism sonfidence” wonveys a § out of 10 chance of being comeet. Sex Box
1.3 on page 4 for a full description of [PCCg uncertainty terms.
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Forestry productivity is known 10 be sensitive to changes in climate variables (e.g. temperature, mdiat}on.
precipitation, water vapor prossure in the alr, and wind speed), as these affect a number of physical,
chemical, and biclogical processes in forest systems (Basterling, ot 2l., 2007).

For the US. as a whole, forest growth and productivity have been observed to change, in part due to
observed climate change. Nitrogen deposition and warmer temperatures have very likely increased forest
growth where water is not limiting (CCSP, 2008a). The IPCC (Fieid et al,, 2007 and references therein)
outlines a mumber of studies demonsirating the connection between changes in U5, forest growth and
changes in climate variables:

¢ Forest growth appears io be slowly accelerating (less than 1% per decade) in regions where trec
growth has historically been limited by low temperatures and shoart growing seasons;
» The length of the vegetation growing season has increased an average of 2 days per decade since
1930 in the conterminous U.8., with most of the increase resulting from earlier spring warming; _
¢ Qrowth is siowing in areas subject to drought;
*  On dry south-facing slopes in Alaskz, growth of white spruce has decreased over the last 90 years,
due 10 increased drought stress;
* In semi-arid forests of the south.westemn U5, growth rates have decreased sinee 1895, correlated
with drought from warming wmperatures,
or 2 widespread speeics like lodgenole pine a £41: ingr i : i
8 erm fits e, deg wih_in the middle decimate southern forests (Field et
- 20
+ Mountain forests are increasingly encroached upon from adjacent lowlands, while simultansously
losing high altinide habitats due to warming (Fischlin ot al., 2007).
« In Colorado, aspen have advanced into the more cold-iolerant spruce-fir forests over the past 100
years;
¢ A combination of warmer tempenitures and insect infestations has resulted in cconomically
significant losses of forest resource base to spruce bark beetle in Alaska.

Forest productivity gains may result through: (i) the dirsct stimulatory CO4 fettilization effect {aithough
the magnitude of this efTect remains uncertain over the long term and can be curtailed by other changing
factors), (i) warming i cold climates, given concomitant precipitation increases to compensate for
possibly increesing water vapor pressure deficits; and (i) precipitation incresses under water Hmited
conditions (Fischlin et al,, 2007)..

New studies suggest that direct CO;, effects on tree growth may be Jower than previously assumed,
Additionplty, the initial increage in growth increments may be limited by competition, disturbance, air
polfutants (primarily tropospheric ozone), nutrient limitations, ecologica! processes, and other factors, and
the response is site- and species-specific (Easterling et al,, 2007). Similarly, a CCSP (2008a) report stated
that, where nutrients are not limiting, rising CO; increases photosynthesis and wood production, but that
on infertile soils the extra carbon from increased photosynthesis will be quickly respired,

Productivity gains in onc arca can occur simultancously with productivity losses in other areas. Llimme

change is expeeted to increase California timber production by the 2020s because of stimulated growth in
the standing forest. In the long run (up to 2100), thesc productivity geins were offsst by reductions in
productive area for softwoods growth, rRisks of logses from " Spithern-pine' beetle likely depend on the
seasonality of warnting, with winter and spring wermifg leading to the groatest damage (Easterling et al_,
2007 and references therein).| 0 T T
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Acgording to studies reviewed by IPCC (Field et al., 2007), the effects of climate change, in the absence
of dramatic increases in disturbance, on the potential for commercial harvest in the 2040z ranged from
mixed for a low emissions scenario to positive for a high emissions scenario (see Perez-Garcia ¢t al.,
2002). [The tendency for North American producers to suffer losses increnses if climate change is
accompanied by increased distrbance, with simulated losses averaging USS1-2 bilhonfyear, over the 21t

century (Sohngen and Sedjo; 2008). | rvveerer-- | ColmaRE [ABSY: e s pa of he

- wanarls balow? Shiuld diet be preenind
W; . T i
U.S. forestry, in addition to experiencing divect climate change effects, may e i;fdiremty affected by
changing forest productivity in different regions of the world. Sohngen and Sedjo (2005) show two
climato change scenarios where North American forests undergo more dieback in general than forests in
other regions of the world, and where certain North American forest yiclds increase but less so comparcd
to other regions. The implication is that forests in other parts of the world (including tropical forests with
shorter rotations) could have a competitive advantage within the global forestry sector under a changing
¢limate. ) _
e e et s e et s et san e e s ees ] AN Climate change wil elso
10¢b} Wildfire and Drought Risk :mm m:mﬁ
‘in phasmacoutizal sad botanitsl
Dok 241 e v o
nges in di 5 RTE EX| AVE A S inl fmps verall pains or losses Wiore osnbo s T "“?:E"ﬁ"m“m
prevalent forest fire distirbances have recently been observed in the U.S. and other world regions 20019 i

(Fischlin, ct al,, 2007). Wildfires and droughts, among other extreme events (2.g., hurricanes) thst can
cause forest damage, pose the largest threats over time to forest ecosystems. The frequency and severity
of wildfires and droughts are expested to be altered by climate change, Which can also induce stress on
trees that indirectly cxacerbate disturbances. | General climate warming cncourages wildfires by oxending . { Commant [ABTT Fies provis }
the summer period thet dries fuels, promoting easier igxiﬁanaud&stcrspmd‘:‘f e Sitation for Yua

* { Comment [ASH): Cinsion? )]

The {PCC (Field ct al., 2007 and reférences therein) noted 2 number of observed changes to U.S, wildfire
size and frequency, often sssociating these changes with changes in average ternperatures:

* Since 1980, an average of about 22,000 km/yzar (13,700 mi¥/year) has burned In wildfires, almost
twice the 1920-1980 average af about 13,000 km*/ycar (8,080 mi*fyear);

»  The forested areq burned in the western U.S. from 1987-2003 is 6.7 times the area bumned from 1970~
1986;

¢ Human vuincrability to wildfires has incressed, with 8 rising population in the wildlandeyrban
interface;

¢ In the last three decades, the wildfire season in the western 1L.S, has incressed by 78 days, and burn
durations of firss greater than LOOD ha (2470 serss) have increased from 7.5 1o 37.1 days, in
responise to a spring/summer warming of 0.87°C (1 4°F);

¢ Earlier spring snowmelt has led to longer gowing scasons and drought, especially at higher
slevations, where the increase in wildfire activity has been greatest;

* In the southwestern U8, fire activity is correlated with BI Nino Southern Osciliation positive
phascs, and higher Palmer Drought Severity Indices ®

“ The Palmer Drought Severity Indox i5 used by NOAA and wsos a formuls that includes temperature and minfal] to
determine dryness. T is most effective in determining long-term drought.
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20% tree mortality. Also following recent warming in Alaska, spruce budworm has reproduced farther
north reaching problematic numbers (Anisimov et al., 2007,

Climate change may indirectly affect insect outbreaks by affecting the overall health and productivity of
trees. For example, susceptibility of tress to inseets is increnased when multi-year droughts degrade the
trees” ability to generate defensive chemicals (Fleld, ct al, 2007). Warmer temperatures have already
enhanced the opportunities for insect spread across the landscape in the U.S. and other world regions
{Easterling ot al,, 2007},

The IPCC (Easterling et al, 2007) stated that modeling of future climate change impacts on msect and
pathogen outbreaks remains limited. Nevertheless, the IPCC (Field et al, 2007} states with high
confidence that, across North America, impacts of climale change on commercial forostry potential are
likely to be scnsitive to ¢hanges in disturbances from insects and diseases, as well as wildfires. Climate
change can shift the current boundaries of insects and pathogens and modify tree physiology and treo
defense (Easterling, ot al., 2007). |An-incresse in climate extremes may also promote plant disense and
pest outbreaks, | e
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Section 11

Water Resources

This section covers climate change effects on U.S, water supply, water quality, extreme events affecting

water resources, and water uses, Information sbout observed trends as well as projected impacts is
provided. .

FFor North America; IPCC coriclided:

»

li(a)WatchupplyandSmwpack

Climate change will cohstrain' Nosth  America’s over-allocated water resouroes, - increasi

competition among egricultural, municipal, isdustrial, dnd ceologics! usés (vary high“:maﬁm;‘%
(Field et al, 2007). - Rising tetniperatuires wilf diminish/suowpack snd inicrease evaparation, affecting
seasonal ‘avallabifity of waler. . Higher ‘dettiand  from economicdevelopmen, -egriculture. and
populntion growth Wil further limit surface #nd groundwater availability. Th the Great Lakes and
major river systems, ‘lower levels aro fikely to exdcerbate challonges relating to water quality,

navigation, recreation, hydropower gerieration, watér transfers, and bi-national rélationships.

Surface Water and Snowpack

IPCC reviewed » number of studies showing trends in U5, precipitation patterns, surface water supply,
and snowpack, and how climate change may be contributing to some of these tonds (Field ot al,, 2007y

Annual precipitation has increased throughout mast of North Americs.

Streamflow in the eastern 1.8, has Inercased 25% in the last 60 years, byt has decreased by about 2%
per decade in the central Rocky Mountain region over the last century,

Since 1950, stream discharge in both the Colorado and Columbia river basins has decreased.

Ini regions with winter snow, werming has shified the magnitide and tming of hydrologic events.
The fraction of annual precipitation failing as rain (rather than snow) increased at 74% of the weather
stations studied in the western mountaing of the U.S. from 1949.2004.

Spring and summer snow cover has also decreased in the U.S. West, April snow water cquivalents
have declined 15-30% since 1950 in the western mountains of North Amcrica, particalarly at lower

® According to 1PCC terminology, “very high confidenee™ conveys a 9 out of 10 chanes of being eorreet, See Bax
1.3 on page 4 for a full deseription of IPCC'y wneerteinty torms,
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elevations, due primarily 10 warming wmpemﬁres rather than changes in precipitation (See Figure
14.1).

¢ Break-up of river and lake ice across North America advanced by 0.2 - 12.9 days over the last 100
YOS,

In the Arctic, precipitation has increased by about 8% on average over the past century. Much of the
inerease has fallen as rain, with the Jargest increases occurring in autumn and winter. Later freeze-up and
carhier bregk-up of river and lake ice have combined 1o reduce the ico season by one to three weeks in
some areas. Glaciers throughout North America are melting, and the particularly rapid retreat of Alaskan
glaciers represents about half of the estimated loss of glacial mass worldwide (ACLA, 2004). Permatiost
plays a large role in the hydrology of lakes and ponds. The spatiul pattern of lake disappearance strongly
suggests that permafrost thawing is driving the changes. These changes to Arctic precipitation, ice extent,
and glacial ebundance will affect key regional bio-physical systems, act as climatic feedbacks (primarily
by changing surface albedo), and have socio-cconomic impacts (high confidence) (Anisimoy ef al., 2007).
The vulnerability of freshwater resources in the U.S. to climate change varies from region to region, In
regions inciuding the Colorade River, Cotumbia River, and Ogallala Aquifer, surface and/or groundwater
resources are intensively used and subject to competition from agricultural, municipal, industrial, and
cvological needs. This increases the potential vulnerability to future changes in timing and availability of
water (Field e al,, 2007,

Projections for the western mountains of the U.8. suggest that warming, and changes in the form, timing,
and amount of precipitation will very likely lead to earlier melting and significant reductions in snowpack
by the raiddle of the 21st century (JPCC: high confidence). [n mountainous snowmelt-dominated
watersheds, projections suggest advances in the timing of snowmelt runoff, increases in winter and early
spring flows (raising flooding potential), and substantially decreased summer flows. Heavily-utilized
water systems of the western U.S. that rely on capturing snowmelt nimoff, such a3 the Columbin River
system, will be especially valnerable (Field et al, 2007). Reduced snowpack has been identified as &
major concern for the State of California (California Energy Commission, 2008).

GGlobally, current water tanagement practices are very likely to be inadequate to roduce the negative
impacts of climate changg on water supply retiahility, fload risk, and afuatic consystems (very high
confidence) (Kundzewicz et al,, 2007°). |Less refiable supplies of water are likely to create challenges for

managing urban water systems as well as for industries that depend on large volumes of water. US.

water managers currently anticipate local, regional, or state-wide water shorteges over the next ten years,
Threats to relizble supply are complicated by high population growth rates in western states where many
resources arc at or approaching full utilization. Potential increases in hervy precipitation, with expanding
impervious surfaces, could increase urban flood risks and create additional design challenges and costs
for stormwater management (Field et al, 2007), The IPCC (Field et al., 2007 and references therein)
reviewed several regional-level studies on climate change impacts to U.8. water management which
showed:

* In the Great Lakes ~ 5t. Lawrence Basin, many, but not all, assessments project lower net basin
supplies and lake water levels. Lower warter levels are likely 1o influence many sectors, with multiple,
interacting impacts (IPCC: high confidencs). Atmosphére-lake interactions contribute to the
uncertainty in assessing these impacts though.

®  Urban water supply systems in North America often draw water from considerable digtances, so
climate impacts nced not be {ocal o affect cities. By the 2020s, 41% of the water supply t4 southern

* The Kundzewicz ct al, citation refers to Chepter 3, “Freshwater Resources and their Management” in IPCC's
2007 Fourth Assessment Report, Working Group 11
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Caiifomnia is likely 10 be vulnerable due to snowpack loss in the Sicrra Nevadas and Colorado River
basin,

* The New York area will likely experience greater water supply varisbility, New York C'ny's. gysten
can likely adapt to future changes, but the rogion’s smaller systems may be vulnersble, feading to a
need for cnhanced regional water distribution plans,

In the Arctic, river discharge to the occan has increased during the past fow decedes, and peak flows in
the spring are occurring ewrlier. These changes are projected to accelerate with future climate change.
Snow cover extent in Alaska is projected to decredse by 10-20% by the 2070s, with greatest declines in
spritig (ACIA, 2004 and reference thercin).

The IPCC concluded with high confidence that under most climate change scenarios, water resources in
amall islands around the globe are fikely to be scriously compromised (Mimura et el., 2007). Most small
islands have a limited water supply, and water resources in these ixfands are especially vulnerable to
future changes and distribution of rainfall. Reduced rainfall typically leads to decreased surface water
supply and slower recharpe rates of the freshwater lens®, which can result in prolonged drought impacts.
Many islands in the Caribbean (which include U.S. territories of Puerto Rico and U.S, Virgin Islands) are
likely to expericnce increased water stress as a result of climate change, Under all SRES scenarios,
reduced rainfall in summer is projected for the Caribbean, making it unlikely that the demand for water
resources will be met. Increased rainfall in winter is unlikely to compensate for these water deficits due
to lack of storage capacity (Mimura ¢t al, 20075,

Croundwater

With climate change, availability of groundwater is likely to be influenced by changes in withdrawals
(reflecting development, demand, and availability of other sources) and recharge (determined by
temperature, timing, and amount of precipitation, and surface weter interactions) (medium confidence),
In general, simulated aquifer levels respond to changes in termperature, precipitation, and the level of
withdrawal. According to IPCC, base flows were found fo decrease in scenarios that ars drier or have
higher pumping rates, and increase in wetter scenarios on average across world regions (Kundzewicz et

al., 2007,

Projections suggest that efforts to offset declining surface water availability by increasing groundwater
withdrawals will be hampered by decreases in groundwater recharge in some water-stressed ragions, such
as the sauthwest US. Vulnerability in these areas is also often exacerbated by the rapid increase of
population and water demend (high confidence) (Kundzewicz et al., 2007}, Projections for the Ggaliala

® Freshwater lons is dofined as 1 relatively thin layer of freshwater within island aquifer systems thet floats on an

underlying mass of denser scewater, Nomerous factors control the shape and thickness of the lens, including the

rate of recharge from precipitation, island geometry, and geologic fenturas such as the permaability of soil fayers.

:;Mim;:;a ctat, 2007 refers to Chapter 16, “Small lsiands™ in TPOC's 3007 Fourth Assessment Report, Working
oup 11,
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aquifer region suggest thet natural groundwater recharpe decreases more than 20% in all simulations with
different climate models and future warming scenarios of 2.5%C or greater (Field et al, 2007 and

reference therein).
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THbY Water Quality

The IPCC concluded with high confidence that higher water temperatures, increased precipitation
intensity, and longer periods of low flows exacerbate many forms of water pollution and can impact
ecosystems, human health, and water system reliability and operating costs, A COSF (2008s) report also
acknowledges that water quality s sensitive to both increased water temperatures and changes in
precipitation; however, most water quality changes observed zo far in the U.S. are likely attributable to
causes other than climate change.

Pollutants of concern in this case include sediment, nutrients, organic matter, pathogens, pesticides, salt,
and thermal pollution (Kundzewicz <t al, 2007). IPCC (Kandzewicz ot al., 2007) reviewed several
studies discussing the impacts of climate change on water quality that showed:

» In lakes and reservoirs, climate change cffects are primarily caused by water temperature variations,
These variations can be caused by climate change or indirectly through increases in thermal pollution
as a result of higher demand for cooling water in the onergy seotor. This affects, for the U5, and all
world regions, dissolved oxygen regimes, redox potentials®’, lake stratification, mixing rates, and the
development of aquatic biots, as they all depend on water temperature, Increasing water temperature
affects the self-purification capacity of rivers by reducing the amount of dissolved oxygen available
for biodepradation, ‘

+  [Water poliution problems are exacerbated during low flow conditions whers smafl water quantities

result in less dilution and greater concentrations of pollutaits, Fee e e

* Heavy precipitation fequencies in the U8, were at a minimum in the 19205 and 1930s, and have
incressed through the [990s (Ficld, ct al, 2007). Incresses in intense rain events result in the
introduction of more sediment, nutrients, pathogens, and toxics inte water bodies from ROR-point
SOUTCes,

North American simulations of future surface and bottom water temperatures of lakes, reservoirs, rivers,
and estuaries consistently increase, with summer surface temperatures exceading 30°C in midwestern and
southern lakes and reservoirs. IPCC projects that warming Is likely to extend and intensify summer
thermal stratification in surface waters, further cortributing to oxygen deplstion (Field of al,, 2007 and
references thetein).

Higher water temperature and variations in runoff are likely to produce adverse chunges in water quality
affecting hurnan health, scosystems, and water uses. Elevated surface waier ternperatures will promote
algal blooms and increases in bacterin and fungi levels. Warmer waters alse transfer volatile and sermi-
volatile compounds (ammonis, mercury, PCBs, dioxins, pesticides) from swrface water bodicy to the

*" Redox potential is defined as the tendency of a chemical spesics to aoquirt slectrons and therefors br reduced,
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atmosphere more rapidly (Kundzewicz et al., 2007}, Although this transfer will improve water quality,
air quality will be negatively inpacted.

Lowering of the water Jevels in rivers and lakes can lead to re-suspension of bottom sediments snd
Hiberating compounds, with negntive effects on water supplies (Ficld et al,, 2007 and references therein),
These impacts may lead to a bad odor and tagte in chiorinated Grinking water and grester ococurrence of
toxing. More intense rainfall will Jead to increnses in suspended solids (urbidity) and pollutant levels in
water bodies due to soil erosion (Kundzewicz et al,, 2007). Moreover, cven with enhanced phosphorus
removal in wastewater treatment plants, algal growth in water bodies may inerease with warming over the
long term. Iricreasing nutrient and sediment loads due to more intetise rimoff evénts will negatively affect
water quality, possibly rendering s source unusable unless special trestment is itroduoed. |

Ciimate change is likely to make it more difficult to achieve cxisting water quality goals for sediment
(IPCC: high confidence) because hydrologic changes affect many geomorphic procossed including soil
crosion, slope stability, channel erogion, and sediment transport (Field et al, 2007). IPCC reviewed u
number of region-specific studies on U.S, water quality and projected that:

= Changes in precipitation may increase nitrogen lvads from rivers in the Chesapeake and Delawsare
Bay regions by up to 30% by 2030 (Kundzewicz ot al., 2007 and refercnce therein),

* Decreascs in snowcover and increases in winter rain on bare soil will likely lengthen the erosion
season and enhance erosion intensity. This will increase the potentinl for sediment related water
quality impacts in agricultural areas (Field ot al., 2007 and reference therein). Al studies on so0il
crosion suggest that increased ruinfall amounts and intensities will lead to grester rates of erosion,
within the U.S. and in other regions, unless protaction measures are taken (Kundzewicz et al., 2007).
Soil management practices (c.g., erop residue, notill) in some regions (e.g., the Comnbelt) may not
provide sufficient erosion protection against future intense precipitation and associated runoff (Field
ct al., 2007,

11{c} Extreme Events

There are & number of climatic and non-climatic drivers influencing flood and drought impacts. Whether
tisks are realized depends on several factors. Floods can be caused by intense and/or long-lasting
precipitation events, rapid snowmelt, datn failure, or reduced conveyance due 1o ice jams or landslides,
Flood magnitude and spatial extent depend on the intensity, volume, and time of precipitation, and the
antecedent conditions of rivers and their drainage basins (e.g., presence of snow and ice, soil composition,
level of human development, existence of dikes, dams, and reservoirs, ete )} (Kundzewicz 8t al., 2007}

Precipitation intensity will increase across the U.S., but particularly at mid and high lutitudes where mean
precipitation also increases. This will affect the risk of flash flooding and urban flooding (Kundzewics st
al, 2007). Some studies project widespread increases in extreme precipitation with greater risks of not
only flooding from intense precipitation, but alsa droughts from greater tzmporal variahility in
precipitation. In general, projected changes in precipimtion cxtremes are larger than changes in mean
precipitation (Ficld et al,, 2007),

The socio-economic impacts of droughts arise from the interaction between climate, natural conditions,
and human factors such as changes in land use. In dry areas, excessive water withdrawals from surface
and groundwater sources oan exacerbate the impacts of drought (Kundzewicz et al,, 2007). Although
drought has been more frequent and intense in the westemn part of the U.S., the East igalso yulnerable to
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droughts and anendant reductions in water supply, changes in water quality and ecosystem function, and
challenges in allocation (Fieki et ul., 2007).

In addition 1o the cffects on water supply, cxireme events, such as floods and droughts, will tikely reduce

water quality. | Increased erosion snd runoff rates during floed events will wash paliutamis (e.g, organic . -

matter, fertilizers, pmacades heavy metals) ‘ftom soils into water bodies, with subsequent impacts to
species and ecosystems, During drought events, the lack of precipitation and subscquent low flow

conditions will impair water quality by reducing the amount of water available to dilute pollutants. These
effacts from floods and droughts will make it morv difficult to achieve pollutant discharge limits and
water quality goals (Kundzewicz ot al., 2007}

11{d) Implications for Water Uses

There are many competing water uges in the ULS, that wilt be adversely imposted by climate change
impacts to water supply and quality, The [PCC reviewed a number of studies describing the impacts of
climate change on water uses in the U.S. which showed:

+ Decrensed water supply and lower water levels are likely to exaccrbete challenges relaring to
navigation in the U.S, (Field e1 al., 2007). Some smudies have found that low flow conditions may
restrict ship loading in shallow ports and harbors (Kundzewicz ef al., 2007). However, navigational
bentfits from climate change exist as well. For example, the navigation season for the North Sea
Route is projected to increase from the surrent 20-30 days per year to 90-100 days by 2080 (ACIA,
2004 and references therein).

» Climate change impacts to water supply and quaelity will affect agricultural practices, including the
incroase of irrigation demand in dry regions and the aggravation of non-point source water pollution
problems in areas susceptible to intensc rainfall events and flooding (Field et al., 2007). For more
information on ciimate change impacts t agriculture, please see Section 9.

* The US. energy sector, which refies heavily on water for generation (hydropower) and cooling
capecity, will be adversely impacted by changes to water supply and quality in reseérvoirs and other
water bodics (Wilbanks et al., 2007), For more informetion on ¢climate change impacts to the energy
secior, please see Section 13.

[ »_[Climate-induced environmental changes:(c. g.+103s of glasiers, teduced river discharge, reduced snow=

full: in- winter) witl affect park fourism, winter sport activities, {n!und water-sports. {e.g., fishing,
rafting, boating), and other rectentional uses defiendent upon: precﬁy}muau (Field ev sl 2667){&1@,1,
acknowle: climate. fts
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e Recent winters with less ice in the Great Lakes and Gulf of St Lawrence have increased coastal
exposurs to damage from winter storms (Field et al,, 2007).

e Recent scvere tropical and extrastropical siorms demonstrate that North American urban centers with
assumecd high adaptive capacity remain vuinerable to extreme events (Field et al,, 2007).

Demand for waterfront property and building land in the U.8. continues to grow, increasing the vaiue of
property #t risk. Of the $19 trillion value of all insurcd residential and commercial property in the US
states exposed to North Athantic hurricanes, $72 trilion (41%) is located in coastal countes. Thiz
cconomic value includes 799 of the property in Florida, 63% of property in New York, and 61% of the
property in Connecticut (AIR, 2002 in Field etal, 2007). The devastating effocts of hurricanes [van in
2004 and Katrina, Rita and Wilma in 2005 illustrate the vulnersbility of North American infrastruciure
grd urban systemns that were not designed or not maintained to adequate safety margins. When protective
systems fall, impacts can be widespread and multi-dimensional {Field et al, 2007)._ Whils the Naorth
American tourism industry acknewledges the important influence of climarc, its impacts bave not bean
analyzed comprehensively, '
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Section 13

Energy, Infrastructure and Settlements

| According to IPCC (Wilbanks et al., 2007), “{industrics, settlements and human society are accustomed

to variahility in environmental conditions, and in many ways they have become resilient to R when it is &
part of their normal experience, Environmental chanpes that ar¢ more extreme or persistont than that
experience, however, can lead © vuinerabilities, especially if the changes are not foreseen andfor if
capzacitics for adaptation are limited.”

Climate change is likely” to affect U.S. energy use and encrgy production; physical infrastructures;
institutional infrastructures; and will likely interact with and possibly exacerbate :mgwng environmental
change and environmental pressures in settlements (Wilbanks <t al,, 2007), pamcuiarly in Afaska where
indigenous cammumnes are facing major mwmnmmtn! am;i cultural impagcts |
weaich is rela lear ths

heating fuel, fuel ofl is common 156 mﬂm m_‘_._._ while: g DA gm f, { the counn wzmmlativl
short, mild winters end/or inexpensive slectricity, slectricity is commonly forhestihap

smelc over tzme

13(a) Heating and Cooling Requirements

With climate warming, less heating is required for industrial, commercial, and residential buildings in the
U.8., but more cooling is required, with changes varying by region and by season. Net energy demand at
& pational scale will be influenced by the structure of the energy supply. The main source of energy for
cooling Is electricity, while coal, oil, gas, biomass, and electricity are used for space heating, Regions
with substantial requirements for both cooling and hearing could find that net annual electrioity demands
increase while demands for other heating energy sources decline. Critical factorg for the U5, are the
relative efficiency of spare copling in summer compared to space heating in winter, and the relative
distribution of populations in colder northern or warmer southern regions. Seasonal variation in total
demand is also important, In some cases, due to infinstructure limitations, peak demand could go beyond
the maximum capacity of the electricity transmission system {Wilbanks et al., 2007),

Recent North American swdies generally confirm earlier work showing a small net change (increase or
decrease, depending on methods, scenarios, and location) in net demand for eneTgy in buildings but a
significant increase in demand for clectricity for space cooling, with further increases caused by
additional market penetration of sir conditioning (high confidence) (Ficld et al, 2007). Generally
speaking, the net effects of ¢limate change in the UL, on total encrgy demand are pm_;ected to amount to

® Accarding w0 IPCC terminology, “likely” conveys a 66 10 90% probability of ocourrence. Soc Box 1.3 on page 4
for a Rull description of IPCC's uncertginty terms.
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between perhaps a 5% increase and decrease in demand per 1°C in warming in buitdingsi Exis;iug studies
do not agree on whether there would be a net increase or decrease in energy consumption with changed
climate becanse a variety of methedologies have been used {(CCSP, 20071),

In California, If temperatures rise according to a high scenario range (8-10.5°F; ~4.5-5.6°C), annual
clectricity demand for air conditioning could increase by as much as 20% by the end of the century
(rssuming population remains unchanged and limited implementation of efficiency measures) {Calffornza
Encrgy Commission, 2006)™, In Alaska, there will be savings on heating costs: modeling has predicted a
15% decline in the demand for heating energy in the populated parts of the Arctic and sub-Arctic and up
to one month decrease in the duration of 2 period when heating is needed (Anisimov ¢t al,, 2007).

Overal, both net deliversd energy and net primary energy consumption increase or decrease only a fow

. percent with 3 1°C or 2°C warming; however, there is a robust result that, in the absence of an energy

efficiency policy directed af space cooling, climate change would cavse a significant increase in the
demand for electricity in the U.8,, which would require the building of additional electricity peneration
capacity (and probably transmission facilities) worth many billions of dollars (CCSP, 2007a).

Beyond the general chaniges desoribed sbove, general temperaturs increases can mesn changes in energy
consumption in key climate-sensitive sectors of the economy, such as transportation, construction,
agrivulture, and others. Furthermors, there may be increases in energy used to supply other resources for
climate-sensitive processes, such ag pumping water for irtigated agriculture and mumicipal uses (CENR,
13(b) Energy Production

Climate change could affect U8, encrgy production and supply {a) if extreme weather events become
more itense, (i) where repions dependent on water supplies for hydropower end/or thermal power plasnt

cooling face reductions in water supplies] (c) where changed conditions affect faeility siting decisions,

and (d) where climatic conditions change {positively or negatively) for biomass, wind power, or solar
energy production {Witbanks et al,, 2007).

Significant uncertainty exists sbout the potential impacts of ¢limate change on energy production and
distribution, in part because the timing and magnitude of climate impacts are uncertain, Nonetheless,
avery existing source of energy in the U.S. has some vulncrability to climote variability. Renewable
gnergy sources tend to be more sensitive to climate variables; but fossil encrgy production can also be
adversely effected by air and water temperatures, and the theomoelectric cocling process that is eritical W
maintaining high electrical generation efficiencies also applies to nuclear enetgy, In addition, extreme
weather events have adverse effects on energy production, distribution, and fuel transportation (CCSP,
2007a).

Fossil and Nuclear Energy

Climate change impacts on U8, electricity generation at fossil and nuclear power plants are likely to be
simtilar, The most direct climate impacts are telated to power plant cooling and water availability. As
currently designed, power plants require significant amounts of water, and they will be vulnerable to
fluctuations in water supply, Roglonal seale changes would likely mean thet some arcas would see
significant increases in water availability while other regions would see significant decreases. In those
areas seeing a decline, the impect on power plant availability or even siting of new capacity could be

™ Temperature projections for the State of Californis are based on IPCC global emission scenarios as discussed in
Section 8{a).
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